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A STUDY OF THE HFAT TREATMMT OF CARBON
TOOL STEELS.
PRELIMIRAKY REMARKS.
The "Study of the Heat Treatment of Carbon Tool SteelB"
is a subject of such vast proportions that the writer could not
carry the experiments to a point where definite laws and results
could be promulgated. However the results as obtained show
the form and character of results advanced by foraer experiment-
ers.
When the subject was taken in hand,no apparatus was
available with which to carry on the work, so that the first step
involved the design and construction of the apparatus. After
and
this had been satisfactorily constructedAtested, the remaining
available time for conducting the tests was not enough to carry
the tests to the point desired.
Test pieces of steel were preps,red for the purpose of
experimentally determining the condition that will give maximm
hardness and toughness combined. After this had been realized,
tools
further tests on correctly formed and tempered^for lathe use,
were to be conducted to determine the results as applied under
practical conditions.
Views of apparatus and instruments used are described
and shown on the following pages, including a photograph of the
lathe on which the tempered cutting tools were to be tested*
II
t
1
i
-2-
CLASSIFICATION OP CAEBOH STEELS.
The steel used in the following heat treatments,was that
made by the Bethlehem Steel Co«,of South Bethlehem, Pa» It coii-
elBted of three grades of carbon tool steel, each grade varying in
the carbon content.
Each of the three grades of XXS, (XX)fand (X) carbon
steel have various tempers as shoum below. The grades themselves
differ from one another in that the service and enduring qualities
of any one are superior to the grade next lowest in suooesslon, '
in
by reason of the purity of the metals and alloys used^the manufactJ^
ure.
TEMPER.
The temper numbers indicate the carbon content of the
steel as follows;
TEMPER HO, ARBOR COHTENT.
5 45 to .55
7 .65 to .75
9 .85 to .95
11 1.05 to 1.15
13 1.25 to 1.35
15. 1.45 to 1.55
The three grades of steel,X3?X, (XX),and (X), were used
in only the Ho. 11 temper steel.

DATA OF CARBON STEEL*
The following data was fumiBhed by the manufacturer in Ms book-
let on these steels. These selections are recommended by the
maker as most suitable for the purpose required and to insure
maximiasi economy in the use of the above steels*
Grade - "Bethlehem", (XXX).
Used for finishing tools on lathe and planer, taps, reemers,
milling cutters, twist drills, finer grades of cutlery steel, razors,
Bhears,dies,dropforging dies, etc .9 This is a high grade steel
for general use.
Temper Carbon XXX*
Kos. Contents.
7 to 9 .70 bo .90 Punches and Sets.
7 to 12 *70 to 1*25 Axe Steel.
8 to 12 .80 to 1*25 Dies for Nail Cutting.
8 to IS .80 to 1*50 Dies for Jewelers.
9 to 10 *90 to 1.00 Auger Bits, Drills for Hard Rock.
10 to 12 1.00 to 1*20 Drills for Iron and Steel.
10 to 15 1*00 to 1.50 Lathe and Planer Finishing Tools.
12 to 13 1.20 to 1*30 Inserted Milling Cutter Teeth*
12 to 15 1.20 to 1.50 Bush Hammers*
12 to 16 1*20 to 1.60 Twist Drills for Iron and Steel*
15 1*50 Butcher and Paper Knives, Dental and Carving
Tools,Hard Mill Picks.
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Grade- (XX) Bethlehem. Temper No. II.
Temper Carbon
No • Contents
•
8 to 12 • 80 to 1.20 Dies for Nail Cutting.
8 to 13 .80 to l.,^0 Dies for Jewelers.
o to 12 .90 to 1.20 Drill Steel.
10 to 12 l.OC to 1.20 Cone a«d Steel*
10 to 15 1.00 to 1.50 Lathe and Planer Finishing Tools.
11 to 12 1.10 to 1.20 Granite Chieelei
Grade- (X) Bethlehem. Temper No. 11.
7 to 12 .70 to 1.20 Axe Steel.
8 to 12 .80 to 1.20 Nail Cutting Dies.
9 to 12 .90 to 1.20 Drill Steel.
10 to 12 1.00 to 1.20 Drills for Iron and Steely
Reamers for Steel.
10 to 16 1.00 to 1.60 File Steel.
11 tol2 1.10 to 1.20 Granite Chisels.
This grade steel is a cheap steel and is recommended
only for general use.

METALLURGY OF STEEL.
Classification:- For intelligent working of iron and
steel, Bome understanding of the chemical nature and manufacture is
necessary. For convenience sake the iron and steel used in the
forge shop may he divided into three general classes,viz. >-
!• Wrought Iron.
2. Machine Steel or Low Carhon Steel.
3. Tool Steel.
Cast iron should he considered as being a base product
from which the above are derived. Roughly speaking, the above
metals may be taken as mixtures or compounds of iron and carbon.
There is always present a small percentage of other elements such
as manganese, silicon, sulphur,phosphorus,chromiLim, etc.,but for the
present these will not be considered.
The percentage of carbon commonly contained in the several
materials is about as follows:
to 4.50^
to .02fo
to .60fo
to 1.75^
The process and methods of manufacture of cast iron and
wrought iron will be omitted in this treatise.
Machine steel:- Machine steel is variously known as machine^-
ry steel,machine steel, low carbon steel, and soft steel. The common
shop name is macliine or machinery steel while the more correct
technical' tern is low carbon steel.
Machine steel contains more carbon than wrought iron,but
it does not have the slag seams of the wrought iron*
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Lilre wrought iron, it is made by reducing the amount of carbon In
cast iron*
Machine eteel may be divided into two classes,Open Hearth
and Bessemer, each deriving the name from the method of manafacture»
These methods being well known and require no explanait^on.
Bessemer steelis used mostly for rails, also to some extent for
structural shapes and cheaper boiler plate, etc*
Open Hearth steel' is used for the best grades of rails,boiler
plate, structural shapes, etc* A better grade of steel is obtained
from the latter process,due to the nature of the process and the
increased control of the furnace while making the steel.
Tool Steel:- Tool' steel may be made by the procesBos
mentioned above, that is,by making open-hearth or Bessemer steel;
but the best steel is made by the "crulcible" process*
Ordinary tool steel contains about one percent carbon
and may be made by taking some the carbon from cast iron. This
may be done by one of the above methods* A better way is to
add carbon to wrought iron* This the method in common use*
In the cruicible process, small pieces of wrought iron, steel, scrap,
and materials rich in carbon are mixed in proper proportions to
give the desired percentage of carbon and placed in a cruicible.
The cruicible, after being covered with a lid to prevent the oxidf-
ation of the melted metal, is placed in the furnace and the mixture
melted* When the metal is melted and properly mixed, the cruicible
inis taken from the furnace and pourecw in^ot moulds* This is after
wards rolled into bars.
Properties of Mild Steel and Tool Steel*
Briefly the valuable properties of these two metals are as follows:

Mild Steel : Easily weldedy easily hammered or forged into
shape irtiile hot; can^ "worked to some extent while cold; will not harden
to any extent 5part!culary good for forging^ stronger than wrought
iron.
Tool Steel: Particulary valuable on account of its hardening
qualities
J
much harder and of greater tensile strength than mild
steeljused principally in making tool's and parts of machines where
wearing qualities are required?welds with difficulty sometimes not
at all; properties depend largely upon the percent carbon present.
Tests recorded herein v/ei"e made on this latter class of
steel- The particular use of the steel as reconanended by the
manufacturer corresponds to the temper numbers listed on pages 3
and 4 above.
Steel which contain a high amount of carbon is known as
"high" c€irbon steel, while that having a small amount of carbon is
known as "low" carbon steel. Steel makers use the word" temper"
as referring to the amount of carbon a steel contains; thus a steel
maker speaks of a high temper steel as meaning a steel containing
a large amount of carbon, and a low temper steel as meaning a low
percentage of carbon.
Steel is also designated by the number of hamdreths of
one percent cearbon it contains. For instance a one hundred "point"
carbon steel contains one hundred hiindreths of one percent carbon,
a forty carbon steel contains forty hundreths of one percent carbon,
etc.
The properties of tool steel which make it particulary
valuable are that it can be hardened to a greater or less degree
to suit the pxirpose for which it is intended.
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Hardening.- If a piece of tool steel he heated to a
red heat and suddenly coolefLyit becomes very hard. This is Imowi
as "hardening". If the reverse be done, the steel being heated
red hot and then very slowly cooled, it will be softened. This is
Imown as "annealing". In other words judging from the experience
of former experimenters on the heat treatment of steel the follow'-
ing phenomena exists:- The speed at which a piece of stoel is
cooled from a high heat deteimines its hardness. Thus if steel
is cooled very fast it becomes very hard, if cooled very slowly it
is softened, £uid by varying the speed of cooling the hardness may
be regulated. The degree of htardness may be varied by the use of
different quenching baths, and their order in giving hardness from
a maximum degree are as follows;-
Tool steel quenched in mercury bath.
Tool steel quenched in acid bath.
Tool steel quenched in brine.
Tool steel quenched in water.
Tool steel quenched in oil.
Thus it appears that the quenching bath combined with the
degree of heat ie entirely responsible for the degree of hardness.
In other words, the hardness is dependent upon the rapidity with
which the molecules, vfhich make up the quenching bath, carry away the
heat contained in the steel. This theory is however doubted by
the manufacturers of various hardening compounds, who claim that the
degree of hardness obtained, is dependent upon the chemical reactions
which take place in the steel, and, which are due to the elements of
the compound penetrating into the molecules of the steel.
To make a determination of the true conditions which exist
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under the above pbenomena, would constitute a thesis in itself.
The proper heat from which the steel should be cooled
varies with the percent of carbon in the steel and from the results
obtained in the accompaning tests, the greater the amount of carbon
in the steel, the lower the hardening heat, that is, a high carbon
steel will harden at a much lower temperature than a low carbon
steel. Thus the object in conducting the following tests was to
determine the proper heat at v;hich to h^arden any particular kind
of steel.
APPARATUS
.
1. Muffle gas furnace.
2. Hoskins Pyrometer attached as shown in photograph.
Range 0-2500 degrees Fahrenheit.
3. Four gallon stone jar for quenching steel after heating
to desired temperature.
4« Gas fired oil tempering apparatus as shown in the accom-
paning view,provided with wire basket attached to
a windlass, and a mercury thermometer (range 0-750
degrees Fahrenheit) attached to obtain temperature
of bath when tempering.
5. Shore Scleroscope for obtaining degree of hardness in
test pieces.
6. Pratt & Whitney high speed lathe, 18inches swing, with a
geared head stock, taking a maximum length of 3 ft»-
9 in.between centers. The lathe is to be driven
from a two phase 25 H. P. induction motor,by means
of belting and counter-shaft, the pov;er required be-
ing measured by a polyphase wattmeter.
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METHOD OF CONDUCTING TESTS.
The steel manufactured by the Bethlehem Steel Co., came in
bars of l/s" z 1 1/8" x 7* long and var^ied in temper as listed on
page 2. Sample pieces of approximately 1" length were cut from
these bars and numbered consecutively and designated by means of
letters corresponding to the bar and grade of temper. These
pieces were arranged in eetB, each set containing a sample of dif^-
ferent tempers of the steels to be eacperimented upon. These sets
were then thoroughly heated from intervals begining at 1225-1700
degrees Fabrenheit.
The steel was heated in a gas muffle furnace as shown in
accompaning photograph and the degrees of heat were obtained by
means of HOSKINS Pyrometer. Stie first process was conducted
under the following conditions. The heat was applied slowly
until the steel was evenly heated throughout to the proper temper-
ature, without bringing the edges or comeria to a higher heat than
the body. Care was taken to avoid BoakinQ in the fire as this
would cause surface deoarbonization and would not afterwards harden
satisfactorily until the skin had been removed by filing or grinding
The following well known points were observed Tirtien con-
ducting the tests:
A - The steel must not be over heated.
B - The steel must not be sosJsed in the fire.
C - The steel must be heated well through, and not superficially
The effect of A is to injure the steel.
B results in the deoarbonization of the surface,hard and
soft places in hardening, and in general,deterioration of the steel.
If C is not observed,breakages will occur in hardening
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due to xineven contraction when plunged Into water.
In conducting the above proce8D,care was taken to use
tongs of special shape and under conditions as follows :-
1. In taking hold of the steel the tongs were "brought to a dark
red heat*
2. Tongs were forged so as to have a shaiTp point of contact on
the steel, thus reducing the loss of heat through the tongs.
The hardening liquid contained in stone jars of about four
gallons capacity, was kept at the foot of the furnace in order to
make the transfer from the furnace to the liquid as rapidly as
possible. The test pieces when heated to the desired temperature,
were dropped into the hardening liquid and moved about so as to
allow rapid cooling.. Oare was taken that the temperature of the
solution was above 50 degrees Fahrenheit.
The next operation was to test these sample pieces for
the hardness obtained by the above hardening treatment. The
scale on these test pieces was removed by grinding, so as to present
was
a smooth surface and to remove that part which^^ subjected to the
deoarbonization action. The test for hardness was made by means
of the Shore "Scleroscope" . The scleroscope is an instrument
designed to determine the true hardness of metals. It is a
direct reading impact apparatus and its sensitiveness is great
enough to meet the theoretical requirements of a hardness testing
instrument. The essential part of the apparatus consists of a
drop hammer weighing l/l2 of an ounce and dropping through a dis-
tance slightly less than a foot. This drop will exert a pressure
of 75,000# to the square inch,when suddenly stopped by hard steel
•
Thus the elastic limit of the steel is exceeded and a permanent

indentation is made by the drop of the haimner* The consequent
rebound of the hanimer will be due to the hardness rather than
elasticity. The maximtan rebound would give the hardness reading*
Thus the hardness of each piece of steel was tested and recorded on
the data sheets.
The steel was now tempered in an oil bath apparatus as
shown in accompaning photograph. The first set of samples were
brought to a temper heat of 450 degrees Fahrenheit. The same
operation was continued upon the other sets with a range of tCTiper'-
atures in 50 degree intervals up to 600 degrees FsLhrenhelt^or ap-
proximately purple heat. Care was exercised to allow the test
pieces to be slowly drawn to the required heat and then quenched in
water as before. The object kept in viev/ was to draw the temper
until the grain of the steel v/as in the strongest form for hard
usage, in other words, to obtain the maximum condition of combined
hardness and toughness.
Giving a piece of steel or a tool the prop]fer degree of
hardness, to do the work for which it is intended, Is known as
"tempering". Steol-workers use the word "temper" in a different
sense from the tool-maker, or tool-smith, as meaning the hardness of
a tool or piece of tempered steel, regardless of the amount of car-
bon it contains.
Tools hardened as above (heated to hardening heat and
cooled in cold water )are too hard and brittle for most uses,8Jid
must be softened somewhat to fit them to perform the work they are
intended for. The operation of slightly softening the hardened
steel is known as the tempering and this was accomplished by means
ath, the previously hardened steel. When a piece of
I/
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hardened steel is heated to a temperature of 430 degrees Fahrenheit
it will he very slightly softened and toughened- As the tempei^-
Gture is raised in tempering,hardness is sacrafioed for toughness
and when a temperature of 650 degrees is reached, the "temper" is
that of annealed steel, and the steel is left soft enough to be
easily filed. Thus in excess of 650 degrees Fahrenheit, all
traces of imparted hardness will be gone.
Another method of tempering tools is as follows:- After
hardening , the surface is polished bright and the temper drawn by
laying the tool on a piece of red-hot iron. The temperature to
which the steel is reheated,may be determined by the change of
colors as the temperature increases. These colors are due to the
thin oxide or scale formed and show nothing but the temperature to
which the metal was last heated,
•
The following is a list of the temperatures at which the
colors appear on brightened steel when heated in the air.
Very pale yellow 430 degrees F
Straw yellow 460 degrees F
Brown yellow 500 degrees F
Light purple 530 degrees F
Dark purple • 550 degrees F
Dark blue • 570 degrees F
Pale blue 610 degrees F
Blue tinged with green 630 degrees F
The next and final operation was to obtain the hardness
corresponding to the degree of temper by means of the Shore Sclero-
scope. This operation was the same as described in the process
after hardening. From the above results as recorded on the data
sheets,hardness curves were plotted for each grade of steel.
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HEAT TREATITEHT
A • A. BLO?.!FELDT. D — 1 r\0
r u \l\Ai^rj T IT-'' ft Ti • • TET.'PKR IN OIL.
No. and 1 XIUo 1 O li UX 1 omp • u.y XIC ' J lUU. Time Total Oil Ini- hard-
grade steel • intro~ t im© when xn intro- time bath tial ness Final
Mn /** in wi th— WcL u Wx duced. in at hard- before liard-
>' ith- ax • with- oil. oF. ness . temper ness
.
U.1 <a.WXl •
-In* 01 Or • drawn . !.!in.
Q . f^f; 12:50
B- 5xxx- 1 RROt? 1:30 40 450 42 38 40
B- 7xxx- 1 x<><c>o RRoo n 40 450 38 34 36
B- 9xxx- 1 Xw • 30 Xl^tf***^ oo tf 40 450 37 43 41
9« 55
B- llx- 1 10*25 30 1225 ft 40 450 42 43 41
9*55
B- llxx- 1 10-25XW • flfi ft 40 450 45 49 46
9*55
B- llxxx- 1 10 -25 30 tt 40 450 46 43 45
9:55
B- 13XXX- 1 10:25 30 oo ti 40 450 45 45 45
9 '55
B- 15xxx- 1 10:25 30 1225 oo r 1:30 40 450 43 52 47
10:35 1:45
B- 5xxx- 2 11:00 25 1225 97®F 2:15 30 500 42 38 40
10:35
B- 7x3ac- 2 11:00 25 1225 97 tt 30 500 38 34 37
10:35
B- 9xxx- 2 11 '00 25 1225 97 tt 30 500 37 41 39
D" i. IX— <i 11 -no 1225 97 30 500 42 39 A 141
R_ 1 1 -TV 9
J. XiX"" #i tt 25 X«^tf^«J Q7 n 30 500 45 A V43 45
X3— XIXXX— <i 11 25 1225 97 II 30 500 46 43 45
B- ISxxx- 2 11 25 1225 97 If 30 500 45 48 45
1:45
B- 15xxx- 2 II 25 1225 970p 2:15 30 500 43 52 48
11:10 2»30
i3"» OjuUC— O 11:40 30 1225 95OF 3:00 30 550 42 38 40
J>» 1 JLAJw— O If 30 1225 95 If 30 550 38 34 35
D— •/JtJtJC— O tf ov 1225 95 II 30 550 37 41 39
If 30 If 30 550 42 39 40
It 30 1225 95 30 550 A e45 43 45
B- llxxx- 3 II 30 1225 95 tt 30 550 46 43 45
B- 13XXX- 3 It 30 1225 95 II 30 550 40 A KHO
11:10 2:30
11:40 30 1225 95OF 3:00 39 55Q 42 46 45
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1 2 3 4 5 6 7 8 9 10 11
11.45 3:15
B- 5z3:x- 4 12:15 30 1225 3:50 35 600 42 42 42
B- 7XXX.- 4 tf 30 1225 86 •I 35 600 38 36
B- 9xxx- 4 It 30 1225 86 n 35 600 37 38 38
B- llx- 4 30 1225 86 II 35 600 42 43 42
B— llXX- 4 30 1225 86 tt 35 600 45 47 45
B- llzxz- 4 It 30 1225 86 II 35 600 46 4? 45
B- ISxxx- 4 •t 30 1225 86 II 35 600 55 52 45
11:45 3:15
B- 15xxx- 4 12:15 30 1225 860F 3:50 35 600 43 52 43
1:05 12:50
B- Sxxx- 5 1:35 30 1325 89.6°F 1:30 40 450 42 39 40
B- 7xxx- 5 n 30 1325 89.6 fi 40 450 35 40 35
B- 9xxx- 5 H 30 1325 89.6 n 40 450 37 41 40
I}— II 30 lo25 89 .6 II 40 450 42 43 43
TJ
I>— 1 J.ZZ— c> tt 30 1325 89,6 ti 40 450 45 45 45
B- f 1 30 1325 89.6 II 40 450 46 47 47
B- 13ZXZ- 5 tf 30 1325 89.6 II 40 450 55 57 48
1:05 12:50
B- 15xxx- 5 1:35 30 1325 89.6°F 1:30 40 450 43 44 44
1:45
B- 5xxac- 6 1:45 35 1325 950F 2:15 30 500 42 39 44
1:45
B- 7XXX-. 6 2:20 35 1325 95 n 30 500 38 40 36
B- 9xxx- 6 II 35 1325 95 n 30 500 37 40 40
15— 1J.X— o II 35 1325 95 n 30 500 42 43 40
B- llxx- 6 II 35 1325 95 II 30 500 45 45 45
B- llxxx- 6 II 35 1325 95 ti 30 500 46 47 46
B- 13XXX- 6 II 35 1325 95 It 30 500 55 57 47
1:45 1:45
B- 15xxx- 6 2:20 35 1325 95*^F 2:15 30 500 43 44 44
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1 2 3 4 5 6 7 8 9 10 11
1:45 2:30
B- 5xxx- 7 2:20 35 1325 95OF 3:00 30 550 42 39 38
3- 7xxx- 7 ft 35 1325 95 II 30 550 35 40 38
B- 9xzx- 7 II 35 1325 95 II 30 550 38 43 40
B- llx- 7 II 35 1325 95 II 30 550 42 43 43
B- llxx- 7 II 35 1325 95 It 30 550 45 45 45
B. 7 11 35 1325 95 ti 30 550 45 47 46
B- 13xxx- 7 II 35 1325 95 II 30 550 45 57 54
1:45 2:30
B- 15z2X- 7 2:20 35 1325 95 3:00 30 550 43 44 43
2:25 3:15
B- 5x3ac- 8 2:55 30 1325 86 3:50 35 600 42 42 42
B- 7xxx- 8 11 30 1325 86 n 35 600 35 40 33
B- 9xxx- e II 30 1325 86 It 36 600 38 43 42
B- llx- 8 M 30 1325 86 II 35 600 42 44 44
B- llxx- 8 II 30 1325 86 II 35 600 45 45 45
B- llxxx- 8 It 30 1325 86 II 35 600 45 47 45
B- 13Z2X- 8 It 30 1325 86 II 35 600 45 57 48
^ : <:;l> 3:15
B- 15xxx- 8 2:55 30 1325 86 3:50 35 600 43 44 45
3;10 12:50
B- 5xxx- 9 3:40 30 1525 72 1:30 40 450 42 64 58
B- 7xxx- 9 II 30 1525 72 It 40 450 35 48 46
B- 9XXX-9 ti 30 1525 72 11 40 450 38 62 58
B- llx- 9 11 30 1525 72 ft 40 450 42 57 48
B- llxx- 9 II 30 1525 72 It 40 450 45 74 71
B- 11 OU 71
C
II 40 450 45 58 04
3- 13XXX- 9 II 30 1525 72 tt 40 450 45 78 72
3:10 12:50
B- 15XXX- 9 3:40 30 1525 72 1:30 40 450 43 76 68
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1 2 3 4 5 6 7 8 9 10 11
3:10 1:45
B_ 5XXX-10 3:40 30 1525 90 2:15 30 500 42 64 58
B- 7X22-10 II 30 1525 90 II 30 500 35 48 48
B- 9XXX-10 II 30 1525 90 n 30 500 38 62 56
B- llx- 10 II 30 1525 90 ti 30 500 42 57 55
B- llxx-10 II 30 1525 90 II 30 500 45 74 45
B- llxxx-10 fi 30 1525 90 II 30 500 45 58 51
B- 13XXX-10 11 30 1525 90 II 30 500 45 78 60
3:10 1:45
B- 15XXX-10 3:40 30 1525 90 2:15 30 500 43 76 72
4:20 2:30
B- 5XXX-11 4:50 30 1525 72 3:00 30 550 42 65 57
B- 7XXX-11 II 30 1525 72 •1 30 550 35 48 47
B- 93acx-ll II 30 1525 72 II 30 550 38 62 45
B- llx- 11 II 30 1525 72 II 30 550 42 57 55
B- llsc-ll II 30 1525 72 •1 30 550 45 74 69
B- 112XX-11 11 30 1525 72 II 30 550 45 58 54
B- 132XX-11 n 30 1525 72 II 30 550 45 78 74
4:20
B- 15ZXX-11 4:50 30 1525 72 3yoo 30 550 43 76 51
4:20 3*15
B- 5xn:- 12 4:50 30 1525 72 3:50 35 600 42 65 48
B- 72XX- 12 II 30 1525 72 •I 35 600 35 48 35
B- 9XXX-.12 It 30 1525 72 ti 35 600 38 62 49
B- llx- 12 •1 30 1525 72 II 35 600 42 57 43
B- llxx-12 •1 30 1525 72 II 35 600 45 74 56
B- 1123CX-12 It 30 1525 72 ti o»j oo ox
B- 13xxx-i2 1) 30 1525 72 « 35 600 45 78 54
4:20 3:15
B- 15XX3C-12 4:50 30 1525 72 3:50 35 600 43 76 63
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1 2 3 4 5 6 7 8 9 10 11
•5:20
B- 533i3:-13 3:50 30 1600 63 1:30 40 450 42 78 46
B- 7XXX-13 It 30 1600 63 II 40 450 35 69 44
B- 93DCX-13 •1 30 1600 63 II 40 450 38 42 39
B- llx- 13 II 30 1600 63 II 40 450 42 46 45
B- llxx-13 It 30 1600 63 n 40 450 45 55 45
e- llxxx-13 II 30 1600 63 II 40 450 45 45 45
B- 13rxx-13 II 30 1600 63 •I 40 450 45 66 46
o :2U TO. KrtIdzoO
B- 15zrx-13 3»50 30 1600 63 l'f30 40 450 43 80 71
o:20 1:45
B- 5XXX-14 3:50 30 1600 63 2»15 30 500 42 78 55
B- II 30 1600 63 ti 30 500 35 69 62
B- 9XXX-14 II 30 1600 63 n 30 500 38 67 53
B- llx^ 14 II 30 1600 63 II 30 500 42 60 48
B- llxx-14 •I 30 1600 63 11 30 500 45 65 58
B- llxxx-14 II 30 1600 63 n 30 500 45 56 54
B- 13ZXX-14 II 30 1600 63 II 30 500 45 79 74
c : tjv 1 :45
B- 15zzz*14 3:50 30 1600 63 2:15 30 500 43 80 76
o : DO 2:30
B- 52XX-15 4:25 30 1600 79 3:00 30 550 42 52 51
B- 7X2X-15 It 30 1600 79 tt 30 550 35 48 46
B- 9XXX-15 1) 30 1600 79 II 30 550 38 62 54
B- llx- 15 II 30 1600 79 II 30 550 42 55 52
B- 11X5C-.15 II 30 16^0 79 ti 30 550 45 76 56
B- llxxx-15 If 30 1600 79 n 30 550 45 81 57
B- 13xct-15 II 30 1600 79 ti 30 550 45 86 75
3:55 2:30
B- 15xiac-15 4:25 30 1600 79 3:00 30 550 43 66 57
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B- 5XX3C-16 51 II 30 1600 79
B- 7aacx-16 t 30 1600 79
B- 9XXX-16 30 1600 79
B- llx- 16 » 30 1600 79
B- llxx-ie 30 1600 79
B- llxxx-16 " 30 1600 79
B- 13xx2:-16 30 1600 79
3:55
B- 15XXX-16 4:25 30 1600 79
4:25
B- 5X33C-17 4:55 30 1700 68
B- 7XXX-17 30 1700 68
B- 922CX-17 " 30 1700 68
B- llx-17 " 30 1700 68
B- llxx-17 " 30 1700 68
B- llxxx-17 " 30 1700 68
B- 13XXX-17 30 1700 68
4:25
B- 15XXX-17 4V55 30 1700 68
4:25
B- 5XXX-18 4:55 30 1700 68
B- 7XXX-18 " 30 1700 68
B- 9XXX-18 " 30 1700 68
B- llx- 18 30 1700 68
B- llxx-18 " 30 1700 68
B- llxxx-18 " 30 1700 68
B- 13XXX-18 " 30 1700 68
4:25
B- 15XXX-18 4:55 30 1700 68
3:15
3:50
3:15
3:50
12:50
1:30
12:50
1:S0
1:45
£:15
1:45
2:15
7 8 9 10 11
35 600 42 80 67
35 600 35 45 43
35 600 38 66 54
35 600 42 55 47
35 600 45 76 66
35 600 45 81 53
35 600 45 57 48
35 600 43 78 62
40 450 42 74 55
40 450 35 47 46
40 450 38 84 79
40 450 42 78 75
40 450 45 81 78
40 450 45 26 74
40 450 45 81 78
40 450 43 83 78
30 500 42 74 68
30 500 35 57 54
30 500 38 64 58
30 500 42 69 64
30 500 45 78 75
30 500 45 74 69
30 500 45 82 72
30 500 43 70 56

20
1 2 3 4 5
B- 5aciQC-19 1;^^ 25 1700 89.6
B- 7X3CX-19 " 25 1700 89.6
B- 9XXX-19 " 25 1700 89.6
B- llx- 19 " 25 1700 89.6
B- llxx-19 25 1700 89.6
B- llxxx-19 " 25 1700 89.6
B- 13XXX-19 " 25 1700 89.6
B- 15ZXX-19 5:25 25 1700 89.6
B- 53CXX-20 5:00 25 1700 89.6
B- 7XXX-20 " 25 1700 89.6
B- 9XXX-20 " 25 1700 89.6
llx- 20 " 25 1700 89.6
B- llxx-20 " 25 1700 89.6
B- 11XX3C-20 " " 25 1700 89.6
B- 1322X-20 " 25 1700 89.6
B- 15xx3:-20 5:25 25 1700 89.6
2:30
3:00
3:00
3:15
3:50
3:15
3:50
7 8 9 10 11
30 550 42 55 51
30 550 35 50 50
30 550 38 57 53
30 550 42 55 53
30 550 45 64 60
30 550 45 62 58
30 550 45 84 76
30 550 43 70 60
35 600 42 82 57
35 600 35 49 44
35 600 38 67 54
35 600 42 70 54
35 600 45 76 67
35 600 45 62 57
35 600 45 84 71
35 600 43 83 65
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Plg« I.
SAMPLE BAR TOOL STEEL SHOWING THAT CHANGE OP
HARDNESS OCCURS AT A DEFINITE POINT.
INDICATED BY THE GRAIN OF THE STEEL.

Pig. II
GAS MUFFLE FURHAOE AND AUXILILIARY APPARATUS
WITH
HOSKINS ELECTRIC PYROMETER.

Pig. Ill
GAS FIRED OIL TEMPERIHG APPAEIATUS

Fig. IV.
HIGH SPEED LATHE FOR USE IN TESTIHG
SPECIALLY TEMPERED
CARBON STEEL TOOLS.
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DISGUSSION OF RESULTS.
On account of the time available for the determination of
the proper hardness to be given the steel,no definite concluBione
can be drawa* The time spent in tliis thesis work was mostly in
the design and construction of the apparatus, and when this had been
satisfactorily completed, the remaining available time was spent in a
limited range of experimentation*
The hardness curves be fore temper show some resemblance
to the ideal curves as derived or drawn by former experimenters.
The lack of range in the hardening treatment would not allow exact
conclusions to be drawn as to the proper hardening heat of the steel
It is known that lP©.r each additional degree of temperature
coarseness of the
above the "hardening heat,", increases usistii tlie^^grain. This makes
the steel very brittle, and less fine in texture, and consequently,
is not as strong, and will not hold as good a cutting edge as if
hardened at the proper hardening heat. The proper heat at which
to harden any kind of steel is that particular heat that gives
the steel the finest grain.
The two laws of hardening are these.
(1) . The more carbon steol contains, the lower the heat at
which it may be properly hardened.
(2) . The faster steel is cooled from the hardening heat, the
harder it becomes.
The high carbon steel gives the greatest degree of hard-
ness. Thus it^s seen by the hardness curves, the high point steel
(90 to 150 points carbon) that the maximum hardness was obtained
from a lower heat than the low point carbon steel. It will also
be noted that the hardening occurs at a very definite point and
4/
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incroases to a maximum In a very steep curve, after which it grad-
ually drops off. This is knomi as the"hardening heat".
This sudden change in hardness is further shown to occur
at a definite point by glancing at the photograph of the sample
bar of tool steel on page hardened under the following con-
ditions:'- The bar was nicked at l/2" intervals and laid on an
open fir* and allowed to become heated to a bright red at one extrm
-ity and the heat gradually diminishing to a black at the other extr
-emity. Since the bar was laid on the fire the under side was at
a higher heat than the upper side which was exposed to the fr®® air.
After being quenched in water, the bar was broken beginning at end
which was subjected to the highest heat, and the pieces in order as
shown in the photograph.
Piece No.l was hottest as can be observed, shows the fin-
est grain and had a consequent maximum hardness.
Piece No. 2 showed a slight spot of coarse grain near its
ly
upper surface and exceeding^fin© grain at its lower surface.
Pieces No. S-4-5 which were sfj,bjeoted to a decreasing
degree of heat, showed a consequent increase in the area of coarse
grain,gradually incrsasing from the upper surface. These coarse
areas indicate the grain of the annealed steel. In other words
the steel within these areas was not hot enough to harden. It
will be obsoved from these pieces that the change of grain from
fine^ to coarse is very sudden, and this will suggest that hardening
occurs at a very definite point. This experiment was conducted
by Prof .Gill and Mr.Lanham and goes to strengthen the theory as
before mentioned, that hardening occurs at a very definite point.
The utmost care and judgement shoiild be exercised in

the proper temper heat of the tool^dependlns upon its •use. The
law that the tool must be about three times harder than the material
it is to out,whioh was discovered by the aid of the sclero30ope,and
was also promulgated, should be an important factor to observe. In
observing this rule it is very easy to measure the hardness of the
stock to be out,multiply it by three, and then temper the tool ac-
cordingly, and the tool will hold its edge •
It is true, that to obtain the maximum work from a tool, it
is often advisable to saorifice hardness for strength, to that point
where three times the hardness of the material is to be out, is
reached.
The range of hardening temperature should have been con-
tinued up to approximately 1800 degree Fahrenheit or a light yellow
heat. At this temperature, the steel would crystallize more or less
The crystallization would become greater and greater as the carbon
content becomes higher. Likewise the drop in hardness is pro-
grossive. Steel of 90 point carbon would show a loss of three or
four points by the scleroscope,while steel of 150 points carbon
loses approximately 30 degrees in its hardness below that available
when hardened at a lower heat.

OOKCLUSIONS.
The more carbon the steel contains, the lower the heat at
which it may be properly hardened.
High carbon steela give the greatest degree of hardness.
The steel must be quenched on its ascending heat and
not on its descending heat.
The faster the steel is cooled from its hardening heat,
the hEu:nier it becomes*
Hardening occurs at a definite point and reaches its
maximum in curves of steepness according to the carbon content
of the steel. The curves are flat,below 1300 degrees Fahrenheit,
which show that an increased hardness cannot be obtained under
this heat.
The masdmum point in the curves indicate that the proper
hardening heat for steels above 90 "point" carbon, should occur
between 1525 degrees Fahrenheit and 1600 degrees Palirenheit.



